Purpose: This article discusses osteonecrosis of the jaw (ONJ) and offers health care professionals practical guidelines and recommendations for the prevention, diagnosis, and management of ONJ in cancer patients receiving bisphosphonate treatment.
Introduction

Background
Osteonecrosis of the jaw (ONJ) is a site-specific, osseous pathology that has been reported in the literature since the 19th century. Nonetheless, there is still no consensus definition for ONJ. It is very likely that ONJ is a clinical entity with many possible etiologies, and its pathogenesis is not well understood. Similar risk factors for osteonecrosis from other sites were suggested for ONJ (see sidebar "Historical Risk Factors for Osteonecrosis"). [1] [2] [3] [4] [5] Risk factors specific to ONJ include head and neck radiotherapy, periodontal disease, dental procedures involving bone surgery, edentulous regions, and trauma from poorly fitting dentures. [2] [3] [4] [5] [6] Additional risk factors in cancer patients include the underlying malignancy, chemotherapy, corticosteroids, and systemic or regional infection. 1 Pancytopenia secondary to cancer and/or cancer treatment increases risk for infection and the potential for development of osteomyelitis. 3, 7 Vascular insufficiency due to thrombosis has been associated mechanistically with the development of ONJ. 8 This event is a consequence of diminished arterial flow, increased intraosseous venous pressure, and osseous hypoxia. 9 Coagulopathies, typically manifested as thrombophilia or hypofibrinolysis, have been implicated as contributory factors, 10 as has impaired blood flow secondary to edema or osteomyelitis. 7, 11, 12 Potential pathogenic mechanisms for ONJ are detailed in Figure 1 . [1] [2] [3] [4] ONJ is most frequently linked with radiation-induced damage in patients with head and neck cancer or oral cancer. This condition is sometimes described as osteoradionecrosis. 27, 29, 30 Osteonecrosis of the jaw in this setting may result from loss of osseous cellular elements as well as vascular damage that results in relative ischemia of the bone. The incidence and severity of radiation-induced osteonecrosis are dose, field, and fraction dependent; the incidence has been reported in a range from 0.4% to 8.2% in these patients, but can vary significantly among centers and among patients with multiple baseline risk factors. 27, 30 Additionally, the jaws are subjected to risk factors for ONJ such as trauma from repeated dental procedures or infection. Whereas a single risk factor or condition may be associated with ONJ in a particular patient, studies have shown that coexistence of multiple risk factors is associated with a significantly higher incidence of ONJ. 2, 3, 5 There is as yet no consensus definition of ONJ, and this is complicated by the lack of understanding of pathobiologic mechanisms. The clinical diagnosis of ONJ is usually made on the basis of visual inspection (e.g., presence of exposed bone) and/or radiographic appearance. The bone lesions of ONJ may appear less or more radiodense than unaffected bone, providing a radiographic appearance similar to that observed in bone metastasis. The location of the lesion(s) tends to favor the mandible over the maxilla; the reason for this is not clear.
Reports of ONJ in Patients Treated With Bisphosphonates
Reports of ONJ in cancer patients treated with both oral and intravenous (IV) bisphosphonates have recently been published (Table 1) . 15, 16, 31, 32, [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] As of December 2004, more than 200 cases of ONJ have been reported. The majority of publications are letters to the editor or case report series. The first report of a series of ONJ cases associated with bisphosphonates was published in a letter by Marx in 2003, which described 36 cases of ONJ. 32 The largest number of cases was reported by Ruggiero et al, 31 who described 63 cases of ONJ from their oral surgery practice between February 2001 and November 2003. These patients were predominantly female (71%) and typically presented with bone pain, nonhealing extraction sockets, or exposed bone, primarily in the mandible (63%). Nearly all patients (86%) had had previous dental procedures. In the majority of cases, pain associated with exposed bone was controlled successfully using a nonsurgical approach consisting of oral systemic antibiotics and 0.12% chlorhexidine gluconate antisepticcontaining oral rinses. Aggressive surgical intervention was counterproductive and often exacerbated bone exposure. ONJ has been reported in patients with a variety of tumor types, including multiple myeloma and breast, prostate, and thyroid cancer. Overall, reports of ONJ have been most common in patients with multiple myeloma. Although the majority of ONJ cases were reported in patients with cancer, 11% of patients were receiving oral bisphosphonates for osteoporosis. 31 In the cases reported to date, most patients were receiving long-term chemotherapy and many were receiving short-term intermittent corticosteroid therapy with concomitant bisphosphonate therapy for cancer and symptom management. However, given the growing number of cases of ONJ in patients treated with bisphosphonates, it is important to recognize the potential risk that this class of drugs may present in the development of ONJ.
The potential mechanism by which bisphosphonates may be associated with the development of ONJ is unknown. It is clear that several issues need further clarification regarding ONJ in cancer patients treated with bisphosphonates. These include a clear case definition of ONJ with consensus diagnostic criteria and staging/severity measures. Additionally, further information is needed to provide a better understanding of the natural history of the disease, the impact of multiple risk factors on disease onset and time of onset, and appropriate treatment algorithms. Finally, the development of effective preventative measures and treatment algorithms would provide great clinical benefit for patients and health care providers. However, in the absence of further information on these issues, a multidisciplinary expert panel was convened to provide guidance to physicians on the identification, prevention, and treatment of ONJ based on current experience and understanding of ONJ in clinical practice.
Development of Practical Guidelines
To better understand the pathogenesis of ONJ and clinical management of patients with ONJ, an expert multidisciplinary panel representing oral and maxillofacial surgery, oral medicine/oncology, endocrinology, and medical oncology convened in March 2004. The panel reviewed published literature and clinical evidence to identify risk factors for ONJ and to develop clinical guidelines for the prevention, early diagnosis, management, and multidisciplinary treatment of ONJ in patients with cancer receiving bisphosphonates. The following guidelines are the result of these deliberations.
The treatment guidelines developed by the panel were designed to apply to specific subsets of cancer patients. These include (1) patients initiating bisphosphonate therapy, (2) patients currently receiving bisphosphonate therapy who require dental intervention, and (3) The benefit of bisphosphonates for the treatment of hypercalcemia of malignancy and the prevention of skeletal complications from bone metastases has been well established in several randomized, placebo-controlled trials. 46-52 Evidence linking bisphosphonates to ONJ consists primarily of spontaneous case reports from the Novartis (Basel, Switzerland) safety database, published case reports, and retrospective chart reviews. The panel found that it is not possible to accurately determine the incidence of ONJ from these reports because of inconsistencies across publications. Moreover, the evidence linking bisphosphonates to ONJ must be considered to rate as level V evidence (using ASCO level of evidence ratings). This is defined as evidence that is provided only from case reports and clinical examples. 53-55 Prospective trials will be needed to evaluate the true incidence and clearly establish the causal factors related to ONJ in cancer patients.
Recommendations
Clinical Presentation and Diagnosis of ONJ
ONJ may remain asymptomatic for many weeks or months and is usually identified by its unique clinical presentation of exposed bone in the oral cavity. These lesions typically become symptomatic when sites become secondarily infected or if there is trauma to adjacent and/or opposing healthy soft tissues from irregular surfaces of the exposed bone. Signs and symptoms of ONJ include localized pain, soft-tissue swelling and inflammation, loosening of previously stable teeth, drainage, and exposed bone. These symptoms most commonly occur at the site of previous tooth extraction or other dental surgical interventions, but may occur spontaneously. Some patients may present with atypical complaints such as "numbness," the feeling of a "heavy jaw," and various dysesthesias. Objective signs that may occur before frank clinical presentation of ONJ include a sudden change in the health of periodontal or mucosal tissues, failure of the oral mucosa to heal, undiagnosed oral pain, loose teeth, or soft-tissue infection. The clinical presentation of ONJ represents a spectrum of symptoms, signs, and severities, from relatively asymptomatic to more severe lesions.
If osteonecrosis is suspected, panoramic and tomographic imaging may be performed to rule out other causes (e.g., cysts, impacted teeth, or metastatic disease). The radiographic signs suggestive of ONJ most often involve osteolysis consistent with bone loss. Intraoral films can also be used to provide better detail and demonstrate more subtle bone changes. However, radiographic alterations seen in patients with ONJ treated with bisphosphonates are often subtle in earlier stages of the disease and may be difficult to detect. Initially, minimal detectable radiographic changes are observed. Over time, as surface bone breaks down, radiographs eventually show radiolucent changes.
Tissue biopsy should be performed only if metastatic disease is suspected. If a biopsy is warranted, microbial cultures (aerobic and anaerobic) are suggested to identify pathogens with the Breast cancer, n ϭ 5 Prostate cancer, n ϭ 4 Multiple myeloma, n ϭ 3 Osteoporosis, n ϭ 1 IV pamidronate, n ϭ 2 IV zoledronic acid, n ϭ 10 PO alendronate, n ϭ 1
Corticosteroids, n ϭ 6 Chemotherapy, n ϭ 4 Thalidomide, n ϭ 1 Radiotherapy, n ϭ 1
Abbreviations: HCM, hypercalcemia of malignancy; IV, intravenous; PO, oral; ADRAC, adverse drug reactions advisory committee (Australia). * Some cases may be reported in more than one publication. † Authors did not specify whether oral or IV pamidronate was used. ‡ One patient also received zoledronic acid.
potential to cause secondary infections. It is important to note that Actinomyces organisms are often seen microscopically or identified upon culture.
Potential Risk Factors for the Development of ONJ
Although this article focuses specifically on ONJ in cancer patients receiving bisphosphonate therapy, the precise inciting events that precipitate ONJ have not been clearly identified and probably vary. On the basis of reports from the literature, potential factors that may increase the risk of ONJ in patients receiving bisphosphonates include radiation therapy, dental extraction, infectious disease, dental trauma, concomitant therapy with corticosteroids, and chemotherapy. Occasionally, other concomitant risk factors may not be apparent. Further study of the potential relationship between ONJ and bisphosphonates is clearly needed.
Potential Preventive Measures Before Initiating IV Bisphosphonate Therapy
Before initiating IV bisphosphonate therapy, the panel recommends that all patients undergo a routine clinical dental exam including a panoramic jaw radiograph to detect potential dental and periodontal infections (Table 2 ). In general, as part of conservative preventative measures before initiating treatment, patients should be instructed to avoid any elective dental or surgical procedure that results in compromise of mucosal surfaces over bone or that results in exposure of bone that cannot completely heal before commencement of bisphosphonate therapy. If bisphosphonate therapy can be delayed briefly without the risk of a skeletal-related complication or complications secondary to hypercalcemia, teeth with a poor prognosis or in need of extraction should be extracted, other dental surgeries finished, and tissues allowed to heal completely before beginning bisphosphonate therapy. The benefits or risks of postponing bisphosphonate therapy in these clinical circumstances have not been systematically evaluated to date. Therefore, the decision to defer bisphosphonate treatment must be made by the treating oncologist in consultation with an oral maxillofacial surgeon or other dental specialist.
Prophylactic antibiotics are not indicated for routine dentistry before initiation of bisphosphonate therapy. However, antibiotics may be required for bacterial prophylaxis in patients at risk (e.g., those with an indwelling venous catheter or history of endocarditis, heart murmurs, artificial heart valves, etc.).
It is particularly important to educate patients regarding the necessity of excellent dental hygiene and timely symptom reporting. Patients who have begun bisphosphonate and antineoplastic therapy should have regularly scheduled hard-and softtissue oral assessments. The frequency of these assessments is left at the discretion of the treating physician or dentist, but could be as frequent as every 3 to 4 months, depending on the number of concomitant risk factors and general dental health.
At a minimum, oncologists should perform a brief visual inspection of the oral cavity at baseline and at each follow-up visit to look for the presence of necrotic or exposed bone.
Recommended Dental Treatment for Patients Currently Receiving Bisphosphonate Therapy
The importance of maintaining excellent oral hygiene to reduce the risk of dental and periodontal infections should be emphasized to patients (see sidebar "Summary Guidelines"). Strategies for patient-specific oral care should be reviewed, reinforced, and modified according to existing clinical circumstances. Removable dentures should be examined for their potential to induce soft-tissue injury, especially tissue overlying bone, and adjusted if required. Routine dental cleanings should be performed carefully, with emphasis on avoiding soft-tissue injuries.
Endodontic (root canal) therapy is preferable to extractions when possible. It may be necessary to carry out coronal ampu- tation with subsequent root canal therapy on retained roots to avoid the need for tooth extraction and the potential development of osteonecrosis. Elective jaw surgery, including dental implants, should be avoided during IV bisphosphonate therapy.
Treatment of Patients With ONJ
A consultation with an oral maxillofacial surgeon or dental oncologist is strongly recommended for the treatment of cancer patients who have developed ONJ (see "Summary Guidelines," available online at www.jopasco.org). Close coordination between dental care and oncologic care is critical for optimal treatment of both ONJ and the underlying neoplastic disease.
Given that impaired wound healing has been reported in patients with ONJ, a nonsurgical approach may prevent further osseous involvement and expansion of established lesions. Only minimal surface bony debridement should be performed to reduce sharp or rough bone surfaces and thus decrease trauma to surrounding or opposing tissues (e.g., the lateral tongue when lingual mandibular bone is exposed). Biopsies are not recommended unless metastasis to the jaw is suspected. The benefit of a confirmed biopsy does not outweigh the risk of inducing further bone damage that could exacerbate the ONJ. If a biopsy is performed, both a portion of the area biopsied and a culture from the biopsy site should be submitted for microbial analysis because infection has been reported as a common complication of ONJ.
A removable appliance may be considered to cover and protect the exposed bone. Additionally, a protective stent may be of benefit for patients with exposed bone that causes trauma to adjacent soft tissues and for patients in whom the osteonecrotic site is traumatized repeatedly during normal oral function. Either a thin, vinyl, vacuformed mouth guard or thin acrylic stent may be used, provided that the device does not further traumatize the osteonecrotic site and that it can be maintained hygienically by the patient.
Well-fitting dentures can be worn if appropriate care is taken to minimize soft-tissue trauma or irritation. Minimizing trauma and irritation is especially important in patients receiving antibiotic therapy. Particular effort should be made to minimize irritation to tissues overlying bone. Patients should be instructed to clean and remove dentures at night.
Intermittent or continuous antibiotic therapy has been shown to be beneficial; cultures should be collected to determine the appropriate antibiotic therapy (Novartis, data on file). The goal of antibiotic therapy is to prevent secondary soft-tissue infection, pain, and osteomyelitis. At this time, the duration of antibiotic therapy and the benefits of oral antiseptic rinses have not been defined, but improved pain control and mucosal disease control have been observed anecdotally with this management strategy. The decision to treat with an antibiotic is a clinical judgment that should be made by an oral maxillofacial surgeon or other dental specialist in consultation with the treating physician/oncologist. Cultures should be collected to determine the appropriate antimicrobial intervention. These should include assessment of aerobic, anaerobic, viral, and fungal species. The type of culture to collect for testing depends on the concerns for specific types of microbes. Several antimicrobial pharmacologic therapies have been recommended (Table 2) and oral rinses of 0.12% chlorhexidine gluconate (Peridex, Zila Pharmaceuticals, Inc., Phoenix, Arizona) or minocycline hydrochloride (Arestin, Orapharma, Inc., Warminster, Pennsylvania) in periodontal pockets also may be useful (Novartis, data on file).
All patients should be monitored every 3 months, or more frequently if symptoms continue or worsen. If temporary softtissue liners are used, patients should be seen every 3 months to closely monitor any potential tissue damage.
In severe cases of ONJ, or if surgery is required in patients with established ONJ, stopping or interrupting bisphosphonate therapy may be considered. However, close coordination between the oral surgeon or dental specialist and the medical oncologist is recommended. Assessing the potential risk of further osteonecrosis versus the risk of skeletal complications or hypercalcemia of malignancy is important. Because bisphosphonates are incorporated into the mineral matrix of bone, it is unknown whether stopping bisphosphonate therapy provides benefit for managing ONJ. Therefore, the decision to stop bisphosphonate therapy must be coordinated between the treating oncologist and an oral surgeon. Antibiotics are appropriate during and after dental surgery in this patient population and should be continued postoperatively for at least 10 days (Table  2 ; Novartis, data on file). Experience has shown that penicillin remains the drug of choice and that a combination of penicillin and metronidazole is useful in patients with refractory infections. In patients with penicillin allergy, azithromycin or one of the quinolone antibiotics is a reasonable second-line drug. The choice of antimicrobials would depend on potential or known pathogens, relative tolerance by patients, and cost. It is not known whether drugs with known bone affinity are more effective in managing ONJ. Cultures taken from the extraction site at the time of oral surgery can provide guidance in making this decision.
In studies reported to date, hyperbaric oxygen has not been shown to be effective for treating ONJ and, therefore, is not recommended at this time. Placement of osseointegrated dental implants in patients being treated with bisphosphonates is also not recommended because their use may result in further damage to bone, thereby exacerbating osteonecrosis. A large planned clinical trial of bisphosphonates has had protocol modifications to include monitoring for ONJ. Southwest Oncology Group (SWOG) 0307 is a large, randomized, prospective, comparative, phase III, 3-year trial of IV bisphosphonates (zoledronic acid, clodronate, and ibandronate) as adjuvant therapy for primary breast cancer with a planned enrollment of approximately 6,000 patients. Patients in this trial will undergo a dental exam at baseline and at study conclusion to evaluate for ONJ. Patients are expected to undergo standard dental examinations and care while on study. Any patient who develops ONJ while on study will be further evaluated for risk factors and clinical course. Additional trials to gain a better understanding of the incidence and clinical course of ONJ in cancer patients receiving bisphosphonate therapy are in the planning stages.
Treatment Recommendations From the International Myeloma Foundation
Conclusion
The skeletal complications that occur as a result of bone metastases can be associated with severe morbidity. Bisphosphonates are important medications that have significant benefits for cancer patients, reducing the morbidity from the serious skeletal complications of bone metastases. The overall risk of developing ONJ appears to be low, even in cancer patients who have concomitant suspected risk factors for ONJ, but the true incidence of this condition is not known. At this time, solely on the basis of the residual potential risk of developing ONJ, there is no evidence to support withholding bisphosphonate therapy in cancer patients at risk for developing skeletal complications secondary to metastatic bone disease. The confirmed clinical benefit of bisphosphonates in cancer patients outweighs the potential risk of developing ONJ. Even if ONJ develops, it is manageable with conservative intervention, provided that patients are pain free and are functioning in a normal or nearnormal manner. This may be true for cancer patients who have established risk factors for ONJ, because the overall risk of developing ONJ remains small even in patients with more than one risk factor. With increased awareness of this potential complication, it is expected that health care practitioners will be able to better identify, prevent, and manage ONJ, and thereby provide optimal care to their patients with cancer.
